in identifying the antigen (eg., Sm, Ro, Ha). While undesirable, this system is well established in the literature. As these antigens are better characterized, more accurate names will be substituted (e.g., nuclear ribonucleoprotein or RNP).
METHODS
Reference sera. Reference sera were selected from the serum bank of the Clinical Immunology Laboratory, Stanford University Medical Center. The serum HA showed a precipitin reaction in agar against the nuclear extract which was distinct from the Sm or RNP precipitins. It gave a high titer (1:1280) speckled fluorescent antinuclear antibody reaction, was negative for the Sm and RNP antibodies by hemagglutination, and had a rheumatoid factor titer of 1:2560 . Two other sera, HU from a patient with SLE and DA from a patient with mixed connective tissue disease (MCTD), were utilized to identify the Sm and RNP antigens, respectively. These sera were identical in immunological specificities to standard sera used by Drs. E. M. Tan and M. Reichlin. Patients. Serums were obtained from 271 patients with various connective tissue diseases. 137 patients with SLE showed the characteristic multisystem disease and immunological abnormalities (23) . 47 patients with scleroderma had typical skin changes with at least two organ systems involved. 45 patients with classical or definite rheumatoid arthritis were chosen according to the criteria of the American Rheumatism Association (24) . 11 patients with polymyositis met the criteria described by Medsger et al. (25) . 16 patients with MCTD were described in previous papers (16, 18) . Sera from 15 patients with Sjogren's syndrome were kindly supplied by Dr. N. Talal. The 20 normal controls were healthy laboratory personnel.
Nuclear extract
Isolation of nuclei. Preparation of calf thymocyte nuclei has been described elsewhere (26) . The nuclei of calf liver and rat liver were isolated by the method described by Maggio et al. with some modifications (27) . Briefly, the fresh liver was irrigated with cold saline via portal veins, cleansed of visible vessels and connective tissue, cut into small pieces, and gently homogenized in 0.88 M sucrose solution with 1.5 mM CaCl2 with a Teflon homogenizer. The sucrose concentration of the homogenate was raised to approximately 1.6 M by adding 1.2 vol of 2.2 M sucrose with 1.5 mM CaC12. After filtering through four layers of gauze, 25 ml of homogenate was layered over 10 ml of 2.2 M sucrose solution containing 0.5 mM CaCl2 and centrifuged for 90 min at 76,000 g. The pellets of nuclei were washed twice with 0.25 M sucrose with 0.5 mM CaCl2 and used for an extraction of antigens. The nuclei showed less than 1% contamination with intact cells by crystal violet staining.
Preparation ofthe soluble nuclear extract. Washed nuclei were resuspended in cold 0.15 M NaCl solution (one part of nuclear pellet to nine parts of saline), disrupted by a Virtis homogenizer (Virtis Company, Gardiner, N. Y.) at maximum speed for 45 s, and allowed to stand at 40C overnight. The suspension was centrifuged at 106,000 g for 120 min. The antigen preparation that has been used to detect the anti-Sm and anti-RNP antibodies by hemagglutination in our laboratory is prepared by precipitation of the supemate with ethanol at 86% saturation at room temperature (14) . Because this procedure damages the Ha antigen, the supernate was dialysed against isotonic saline, and stored at -20°C. This final material was designated as the nuclear extract and used throughout this study. All procedures to prepare the nuclear extract were carried out at 40C. Because the soluble nuclear antigens in this study showed the same immunological and physiochemical characteristics regardless of source of nuclei, results obtained with the calf thymus nuclear extract will be presented in this paper unless otherwise indicated.
Immunological techniques
Immunodiffussion. The Ouchterlony double diffusion method was used to demonstrate and identify the precipitin reactions between the nuclear extract and specific antibodies. 25 ml of 0.6% agarose in phosphate buffered saline (pH 7.2, 0.01 M phosphate containing 0.1% sodium azide and 0.01% trypan blue) were pipetted into a Petri dish (100 x 15 mm) (28) . Wells of 7 mm in diameter were placed 4 mm apart.
Complement fixation test. A quantitative complement fixation microtest was performed by the method ofWasserman and Levine in a total reaction vol of 0.7 ml (29) . A veronal buffered saline with Mg and Ca containing bovine serum albumin at a concentration of 0.1% was used (30) .
Passive hemagglutination. The method of hemagglutination described by Sharp et al. and Stavitsky was used, modified as reported elsewhere (16, 31 (34) . A sample of 0.2 ml was layered over 5 ml of sucrose gradient from 10 to 30%o, centrifuged at 100,000 g for 18 h in SW-50 rotor and fractions were collected from the bottom.
Immunoelectrophoresis. The patients' sera and the nuclear extract were studied by a standard immunoelectrophoresis (35) The immunological reactions of the Ha system were next studied by complement fixation (Fig. 2) . The results of the quantitative complement fixation microtests obtained by the original nuclear extract (no Sensitivity to enzyme treatment, heating, and pH variations. Enzymatic digestion of the nuclear extract was performed according to Holman and Deicher (26) . Since the activity of the antigen was shown to decline at 37°C, enzyme treatment was done at 22°C for 2 h. Bovine pancreatic trypsin, soy bean trypsin inhibitor, deoxyribonuclease (DNase), and ribonuclease (RNase) were obtained commercially (Worthington Biochemical Corp., Freehold, N. J.). The protein, DNA and RNA concentrations of the nuclear extract were measured chemically (36) (37) (38) and various enzyme: substrate ratios were employed. The sensitivity ofthe Ha antigen to a wide range of pH changes, and heating at 370 or 56°C were studied by the method of Mattioli and Reichlin (17) .
RESULTS
Distinctive specificity of the Ha antigen. The immunological specificity of the Ha antigen was first demonstrated by double diffusion (Fig. 1) . The precipitin lines developed by the serum HA (wells 1,4) against the nuclear extract (Ag) showed independence from the Sm (serum HU, wells 2,3) and the RNP (serum DA, wells 5,6) systems (Fig. LA) . RNP antigens by quantitative complement fixation. The reactions between the serum HA and the calf thymus nuclear extract were abolished by digestion of the nuclear extract with trypsin (100 ,ug/ml) but not with RNase (20 ,ug/ml) ( Fig. 2A) . The Sm system (serum HU, Fig 2B) was not affected by the enzymes and the RNP reaction (serum DA, Fig. 2C Sensitivity of Ha antigen to pH and heat. The Ha antigen, like the Sm and RNP antigens, was stable for several months once the nuclear extract was lyophilized. In solution, the antigen was relatively sensitive to pH and temperature change. Because the demonstration of residual antigenic activity after these treatments depends upon the initial amounts of antigen, complement fixation and precipitation at optimal antigen concentrations were employed for this study. Fig. 3 shows the sensitivities of the antigen to pH and heat studied by complement fixation. The gradual loss of activity of the Ha antigen at pH below 6 and above 10 is seen (Fig. 3A) . The RNP antigen was also sensitive to pH changes (serum DA) but the Sm antigen was stable with only a small reduction of complement fixation at extreme conditions (serum HU). Figs. 3B and 3C show the high susceptibility of the Ha antigen to heat treatment. Even at 37°C, steady loss of activity occurred and no reactivity was seen after 4 h. At 56°C, no reaction was observed after 60 min. Here again, the Sm antigen was not affected whereas the RNP was. By immunodiffusion, the precipitin lines of the Ha system were not observed at pH 3.0, or after 240 min at 37°C, or after 60 min at 56°C. The RNP system was abolished by pH below 5 or above 11, by 360 min at 37°C, and by 60 min at 56°C. The precipitin reactions of the Sm system were not altered by these treatments.
Purification of Ha antigen by salt fractionation and precipitation by alcohol. FIGURE 3 Comparison of the susceptibilities of the Ha, Sm, and RNP antigens to pH and heat. The calf thymus nuclear extract (20 mg/ml) was dialyzed overnight in the cold room against buffers of varying pH, neutralized, and the remaining antigenic activities were assessed at antigen concentrations giving maximum complement fixation ( Fig 3A) . The nuclear extract was exposed to heat ( Fig 3B, at 37°C ; Fig 3C, 
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Ion exchange chromatography was useful for purification of the nuclear extract (33) . A large amount of inactive materials did not bind to the solid phase whereas the antigens Ha, Sm, and RNP did, and could be eluted by a salt gradient .
. . technique. The elution pattern from a DEAE cellulose 8 9 10 11 column is shown in Fig. 5 (Fig. 6A) . The Ha antigen showed slower sedimentation than the Sm and RNP antigens confirming the results obtained by gel filtration (Fig. 6B) .
Characterization of the Ha antigen by immunoelectrophoresis. Electrophoretic mobilities of the serum factor and Ha antigen were analyzed by standard immunoelectrophoresis (Fig. 7) . Sucrose density gradient ultracentrifugation for fractionation of the serum HA and the calf thymus nuclear extract. 25 Al of fractions of the serum HA and 0.1 mg of the nuclear extract were used for complement fixation (Fig 6A) .
50 Al of fractions of the nuclear extract were used for complement fixation against the serum HA (1:200) (Fig. 6B) .
First, serum HA was electrophoresed for 120 min and precipitin lines were developed against the calf thymus nuclear extract (upper trough) and antiwhole human serum (a-WHS) (lower trough) (Fig. 7A) . The specific arc was observed exclusively in the y-globulin region and considered to be characteristic of IgG by its location and curvature. Five more sera with precipitin antibodies to the Ha antigen demonstrated the precipitin arcs in the same region.
In Fig. 7B , the electrophoretic mobility of the Ha antigen was compared with that of normal human serum. The nuclear extract (upper well) and normal human serum (lower well), were electrophoresed for 90 min. In the upper trough, the serum HA was placed and the lower trough was filled with antiwhole human serum (ai-WHS). The middle trough was cut and left empty to prevent the reactions between the upper and lower troughs. An anodal mobility of antigen HA was seen in the a-globulin region. The Sm and RNP antigens showed a slower anodal mobility (not shown in the Figure) . FIGURE 7 Electrophoretic mobility of the Ha antigen and anti-Ha. The serum HA was electrophoresed and reacted against calf thymus nuclear extract in the upper trough (nuclear extract) and anti-whole human serum (ii-WHS, lower trough) (Fig. 7A) . The calf thymus nuclear extract and normal human serum were electrophoresed simultaneously. The rapid anodal mobility of the Ha antigen is illustrated (Fig 7B) . and had a "speckled" pattern (Fig. 8) . Identical speckled nuclear fluorescence patterns were given by the original serum HA (Fig. 8A) (Fig 8A) and the purified antibody (Fig 8B) .
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M. Akizuki, R. Powers, Jr., and H. R. Holman The soluble nature of the Ha antigen was confirmed by the fact that it could be extracted with physiologic saline and recovered in the supernate of high speed centrifugation (106,000 g, 120 min). The results of immunoelectrophoresis suggest an acidic character. Susceptibility to proteolytic but not to nucleolytic enzymes, plus heat and pH sensitivities, suggest that Ha is a protein.
The intracellular location of the Ha antigen was established by specific antibody prepared from immune precipitates. The Ha antigen localized within the nuclei of the liver, kidney, or thyroid cells of the rat or mouse. The nuclear fluorescence pattern was "speckled," adding the Ha system to the Sm and RNP systems in causing a speckled fluorescent antinuclear antibody pattern (17, 41) .
Results obtained by sucrose density centrifugation, immunoelectrophoresis, and 2-mercaptoethanol treatment of reactive sera indicate that antibodies to the Ha antigen belong to IgG class (within the limitation of sensitivities of the methods used). Nevertheless, the fact that the majority (90%) of sera with precipitating antibodies to the Ha antigen were also positive for rheumatoid factor raised the possibility that rheumatoid factor was the reactant. Absorption studies excluded this possibility.
It appears that there are correlations between clinical characteristics and autoantibody patterns in immunological diseases. The antibody to DNA is related to the renal disease of SLE (42) . The antibody to the RNP antigen, found in patients with SLE and scleroderma, is characteristically present in MCTD (18) (19) (20) 41 At this time, only the antibody to DNA can be implicated in pathogenesis of lesions. It is possible that the other autoantibodies are a consequence of lesions rather than a cause. Nonetheless, the emergence of the correlations aids in focusing study of particular subsets of SLE. Perhaps discriminating information about pathogenesis, prognosis, and treatment will result.
